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1. 

CHARACTER READING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a character 
reading apparatus and more specifically to an apparatus for 
reading a series of preprinted magnetic characters on a bank 
check while the check is being automatically moved through 
the apparatus. 
To improve the efficiency of check processing, bank 

checks have been standardized to include a set of magnetic 
characters preprinted in a certain way in predetermined areas 
on the checks. These magnetic characters include bank 
numbers, account numbers, and other specific alphanumeric 
and symbolic information. FIG. 1 illustrates a standard bank 
check generally designated by reference numeral 10. Check 
10 includes a specific area which is made up of a certain 
number of cells 12, each of which is a standard size. The 
United States banking system has developed what is referred 
to as the E13B standard which defines a standardized set of 
magnetic characters preprinted in specific locations within 
the, se cells. FIG. 2 illustrates two of the characters within 
this set of characters, the Zero and the one, and shows their 
proper location within their cells. 

Referring to FIG. 2, each cell 12 is divided into ten equal 
width Zones 14. Each of the characters making up the 
standard character set is specifically defined by positioning 
magnetic printing within certain portions of certain zones 14 
of a given cell 12. 
The above described character set was developed to allow 

automated reading of the characters using a magnetic read 
head. FIGS. 3A-N are graphs illustrating the expected 
analog electrical signal waveform generated by each of the 
magnetic characters making up the standard character set 
when the characters are moved past a magnetic read head in 
a specific way, that is, at a specific orientation with respect 
to the read head and at a specific constant speed. For 
purposes of convenience, the various waveforms are desig 
nated by the reference numerals 15A-N. 

In order to accurately identify a character, you must first 
accurately generate its unique waveform. This requires not 
only moving the characters past a read head to generate a 
waveform but also requires determining which specific 
portions of the resulting waveform correspond to each 
portion of each character. Two prior art general approaches 
have been used to provide a device which is intended to read 
the above described standard magnetic character sets. 
The first approach attempts to hold the velocity of the 

check constant as the check moves past the read head and 
synchronizes its recognition circuitry with the known veloc 
ity. As the waveform is generated the known velocity is used 
to divide the waveform into sections which correspond to 
each character. These character waveforms characteristics 
am then compared with stored, expected waveform charac 
teristics to identify each character. If for some reason the 
velocity has varied, the waveforms characteristics may not 
match any of the expected waveforms characteristics and a 
particular character may not be recognized, or may be 
recognized incorrectly, which is even worse than not rec 
ognizing it at all. To minimize this problem, typically a 
flywheel or other high inertial system is used to obtain 
constant velocity, While this may be satisfactory for some 
applications, it requires larger more expensive drive motors, 
gears, or other components which increase the costs. Also 
the electrical requirements are typically larger and the 
device requires a more expensive regulated power supply. 
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2 
In the second approach, the displacement of the check 

relative to time is monitored as the check moves past the 
read head. Therefore this approach is not concerned with 
variations in the speed of the check, at least to a limited 
extent. The information provided by monitoring the move 
ment of the check is used to adjust the information provided 
by the electrical signal waveform from the read head. This 
combination of information is then used to match the 
expected signal that would be generated if the speed had 
been a specific constant speed. A character recognition 
device of this type must include an arrangement for mea 
suring the displacement of the check and an arrangement for 
storing and using this information to modify the information 
provided by the read head. These additional components 
which make up the above described arrangements again add 
to the expense of the device. Also, the additional require 
ment: of modifying the information from the read head 
requires a more powerful processing device adding still 
more to the costs and increasing the required processing 
time. 

Both of the above described approaches to providing a 
character recognition device require some method of storing 
and processing the information defining the expected wave 
form for each of the characters in the characterset. Typically 
this is done by storing a complete analog or digital repre 
sentation of the expected analog waveform. This approach 
requires a relatively large amount of memory space and a 
more powerful processor to handle this volume of informa 
tion, again adding to the expense of the device. 

SUMMARY OF THE INVENTION 

As will be seen hereinafter, the present invention allows 
for a device which can read magnetic check characters 
without requiting a constant velocity of the check through 
the device and without having to monitor the displacement 
of the check through the device. As a result, the present 
invention does not require more expensive drive motors, 
flywheels, or regulated power supplies in order to maintain 
a constant velocity. Also, the present invention does not 
require any arrangement for monitoring the displacement of 
the check, again avoiding the expense involved in providing 
Such an arrangement. 
The present invention also has an added advantage over 

the prior art in that it compresses the electrical signal 
waveform generated by its read head into a digitized vec 
torization of that waveform which significantly reduces 
memory storage requirements and processing requirements. 
The expected waveforms for each of the possible characters 
are also stored in the form of digitized vectorizations. These 
reduced storage and processing requirements allow for a 
faster processing time while using simpler, less expensive 
memory and processing devices. 
As will be described in more detail hereinafter, the 

advantages of the present invention related immediately 
above are incorporated into an apparatus disclosed herein. 
The apparatus is provided for reading a series of magnetic 
characters on a bank check. The characters are preprinted in 
a certain way within a predetermined area of the check. Also, 
the characters within the series of characters may be any 
character from a predetermined group of characters. This 
apparatus includes a housing which defines a specific path 
through which the check oriented in a predetermined way, is 
intended to pass. The housing supports means including a 
magnetic read head for sensing the magnetic characters on 
the check as it passes through the apparatus and for produc 



5,524,063 
3 

ing an electrical signal unique to each character. The housing 
also supports means for automatically moving the check 
through the path defined by the housing at a speed which is 
intended to be constant but which may vary randomly within 
a certain tolerance. This moving of the check through the 
apparatus produces the electrical signals as the characters 
move past the read head. Character recognition means are 
electrically connected with the read head and are responsive 
to the electrical signals for identifying the characters without 
monitoring the speed of the check as it moves through the 
apparatus, even when the check moves through the path at 
a random varying speed, so long as the variation in speed 
stays within a certain tolerance of nominal, for example 
10%. 

In accordance with one particular feature of the present 
invention, the predetermined group of magnetic characters 
referred to above is divided into four subgroups. The char 
acter recognition means includes means for storing certain 
attributes respectively unique to the various characters mak 
ing up the predetermined group of characters. The character 
recognition means also includes means for identifying each 
of the characters within the series by fast identifying the only 
two subgroups within which that character most likely 
resides. This eliminates from consideration the other two 
subgroups making up the overall character set. Thereafter, 
the character's unique electrical signal is compared to the 
stored attributes of the characters within the two identified 
Subgroups thereby identifying the character. 

In accordance with another particular feature of the 
present invention, the character recognition means includes 
means for converting the electrical signal unique to each 
character into a digitized vectorization of that unique signal. 
The character recognition means also includes means for 
storing certain attributes respectively unique to the various 
characters making up the predetermined group of characters 
in the form of digitized vectorizations known to be unique 
to each character. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention may best be under 
stood by reference to the following description of the 
presently preferred embodiments together with the accom 
panying drawings in which: 

FIG. 1 is a schematic plan view of a bank check showing 
the E13 B standards for the positioning of the cells which 
make up the predetermined area of the check where mag 
netic characters are preprinted; 

FIG. 2 is a schematic plan view of the zero and the one 
which are two of the characters which make up the E13B 
standard character set, these characters being shown in their 
proper position within a standard cell; 

FIGS. 3A-N are graphs illustrating the expected analog 
electrical signal waveform generated by each of the mag 
netic characters which make up the E13B standard set of 
characters when the characters are moved past a magnetic 
read head in a predetermined way; 

FIG. 4 is a diagrammatic perspective view of a check 
reading apparatus designed in accordance with the present 
invention and specifically showing the path through which a 
check is caused to move; 

FIG. 5 is a schematic diagram illustrating the apparatus 
shown in FIG. 4; 

FIG. 6 is one example of a graph of vectors which 
represent the peaks of the waveform shown in FIG. 3I; and 
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4 
FIGS. 7A-M is a flow chart of the character recognition 

arrangement. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Inasmuch as FIGS. 1 through 3 were discussed previ 
ously, attention is directed to FIG. 4 which illustrates a check 
reading device which is generally designated by reference 
numeral 16, and which is designed in accordance with the 
present invention. Check reading device 16 includes a 
housing 18 which defines a specific path 20 through which 
check 10, oriented in a certain predetermined way, is 
intended to pass during normal operation of check reading 
device 16. 

Referring now to FIG. 5 overall device 16 is shown 
including housing 18 which supports a suitable and readily 
available arrangement 22 for automatically moving check 10 
through path 20. Arrangement 22 causes check 10 to move 
at a randomly varying speed so long as the speed falls within 
a certain speed tolerance. In other words, arrangement 22 
does not require more expensive drive motors, flywheels, or 
regulated power supplies which are required by some prior 
art character recognition devices to maintain a constant 
check velocity. One example of character moving arrange 
ment 22 is described in copending U.S. patent application 
Ser. No. 08/201,763 (attorney docket SORP002) entitled 
"Self Aligning, Low Power Character Reading apparatus' 
and filed cotemperaniously herewith, which application is 
incorporated herein by reference. 

Still referring to FIG. 5, housing 18 also supports a 
suitable and readily available character sensing arrangement 
24 for sensing the preprinted magnetic characters on check 
10 and producing an analog electrical signal waveform 26 
unique to each character. Character sensing arrangement 24 
includes a magnetic transducer or read head 28 positioned 
adjacent to path 20 for producing an electrical signal wave 
form 26 as each of the characters moves past read head 28. 
The output of read head 28 is electrically connected to the 
input of a suitable and readily available processing circuit 30 
which includes a signal amplifier 32 connected between the 
read head and an analog to digital (AID) converter 34. 
Processing circuit 30 conditions signal 26 prior to signal 26 
being acted upon by a character recognition circuit indicated 
at numeral 36. 
As shown in FIG. 5, character recognition circuit 36 

includes a processor 38 along with a memory device 40 
suitable for storing certain unique attributes of each of the 
characters of the group shown in FIGS. 3A-N. The function 
of circuit 36 is to receive each signal waveform 26, compare 
it to the unique stored attributes of the group of characters, 
and identify which one of the stored characters corresponds 
to signal 26, thereby identifying the characters printed on 
check 10. Circuit 36 also includes a suitable output arrange 
ment 42 which allows the identified characters to be used by 
other devices, for example, a communication device which 
contacts an information center that verifies the validity of 
check 10. 
As will be described in more detail hereinafter, one 

feature of character recognition circuit 36 is its ability to 
recognize each character on check 10 without requiring a 
constant check speed and without monitoring the speed and 
position of check 10. This is done by first dividing the group 
of possible characters into four such subgroups, each of 
which is characterized by the relative locations of its char 
acters within their particular cells. With these subgroups in 
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mind, each character is identified by first locating the 
beginning and the end of each character within and relative 
to its particular cell and based on this information identify 
ing the only two subgroups within which that character most 
likely resides. This eliminates from consideration the other 
Subgroups making up the set of all possible characters. 
Thereafter, the character's unique electrical signal waveform 
is compared to the stored attributes of those characters 
within the two identified subgroups only. This process of 
eliminating two subgroups significantly reduces the number 
of possible stored characters that must be compared to the 
character's unique signal which therefore significantly 
reduces the processing complexity and time required to 
identify each character. This allows a simpler, less expensive 
processor to be used. It also reduces the possibility of 
substitution errors by limiting the field of stored characters 
to be considered. 

Referring back to the E13B character set illustrated in 
FIG. 2, the method by which this group of characters is 
subdivided into four subgroups will now be described. The 
preferred embodiment of the present invention utilizes the 
fact that the fourteen characters which make up this char 
acter set may be subdivided into these four subgroups. Each 
of the subgroups is made up of characters which are printed 
in the same right most Zones of their respective cell (as 
viewed in FIG. 2) and are completely defined within the 
same specific number of zones within their respective cells. 
The first subgroup includes the numbers 1 and 2 which 
occupy the four Zones at the right side of their cell as 
specified by the E13B standards. The second subgroup 
includes the numbers 3, 5, and 7 which occupy the five right 
most zones of their cell. The third subgroup includes num 
bers 4, 6, and 9 which occupy the six right most zones. And 
the fourth Subgroup includes the numbers 0 and 8 along with 
four special characters referred to as TRANSIT, ON-US, 
AMOUNT, and a DASH which occupy the seven right most 
zones of their respective cells. 
Now referring to FIGS. 3A-N, the way in which character 

recognition circuit 36 locates each character within its cell, 
that is, the way in which it locates the beginning and the end 
of each character will be described. The present invention 
utilizes the fact that when moving from right to left as 
viewed in FIGS. 3A-N, each of the fourteen characters 
which make up this character set begin with a prominent 
positive signal peak at its right most edge. Also, each 
character cell includes at least three quiet or empty Zones at 
its left most side. And finally each character ends with a 
prominent negative signal peak which immediately precedes 
the above mentioned quiet Zone. By definition of the E13B 
standard, each of the fourteen character waveforms exhibit 
these three characteristics. The present invention uses these 
characteristics to locate each character as its signal is read by 
first detecting the beginning positive peak, then detecting the 
quiet Zone at the end of the character, and finally by looking 
back at the signal to locate the ending negative peak relative 
to its quiet Zone. 
Once the character is located as described above, the 

approximate length of the character is determined by cal 
culating the approximate space between the positive begin 
ning peak and the ending negative peak. Because the speed 
of the check is known to be within a certain tolerance, the 
length of the character can be calculated within that same 
tolerance. This approximate length is compared with the 
known length of the characters which make up each of the 
four subgroups described above to identify the only two 
subgroups in which that character most likely resides. This 
comparison allows two of the subgroups of characters to be 
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6 
eliminated from consideration which, as mentioned above, 
simplifies the character recognition process and reduces the 
chances of a substitution error. Thus, it may be determined 
that the given character is of a length which fits in either the 
first or second subgroup, or the second or third subgroup, or 
the third or fourth subgroup. 

Still referring to FIGS. 3A-N, a more detailed explanation 
of how the approximate length of the character is determined 
will now be described. In one preferred embodiment of the 
present invention, the electrical signal waveform for each 
character is sampled by processor 38 at a constant rate of 
approximately 100 samples per character cell as it is read by 
read head 28. Therefore, each cell Zone is sampled approxi 
mately ten times. By indexing the beginning positive peak 
which corresponds to the beginning of the character and the 
ending negative peak which corresponds to the end of the 
character, the approximate length of the character is deter 
mined by calculating the number of samples between the 
beginning peak and the ending peak. Each of the subgroups, 
as mentioned above, is made up of characters which have a 
length of 4, 5, 6, or 7 zones which would correspond to 
approximately 40, 50, 60, or 70 samples. Because the speed 
at which the check moves through the apparatus is kept 
within a tolerance of +10%, the number of samples obtained 
for any given character varies within that same tolerance as 
compared to the expected number of samples for that 
character. Therefore, for any given character, the number of 
samples actually counted when compared to the expected 
number of samples for each subgroup of characters allows 
only two possible subgroups to fall within the known 
tolerance. 

Once the field of possible characters has been narrowed to 
two subgroups, the unique signal of the character in question 
is compared with the stored attributes of the characters 
within the two possible subgroups as follows and as will be 
described in more detail hereinafter. First, the locations of 
the signal peaks are compared with each of the characters 
within the two subgroups. Also, the position of any quiet 
Zones are verified. Next each of the stored characters within 
the two identified subgroups is scored according to how 
closely it matches the character in question. The character in 
question is then identified by selecting the best scoring 
stored character. And finally, the read character is checked 
according to a specific set of rules to verify that it is indeed 
the selected stored character. At this point the identified 
character is output for its intended use. 

Another feature of the present invention is the character 
recognition circuit's ability to store and process the unique 
attributes of the expected waveforms illustrated in FIGS. 
3A-N in a compressed form. The signal waveform provided 
to the character recognition circuit is also compressed in a 
similar way. By storing and processing the character 
attributes in this compressed form, the present invention 
reduces the required processing time and required storage 
space. This allows a device in accordance with the present 
invention to use a simpler, less expensive processor and a 
smaller, less expensive memory storage device. 
The preferred embodiment of the present invention com 

presses the unique waveforms of each character in the 
following way. Referring back to FIG. 5, as each character 
is processed by processing circuit 30, character recognition 
circuit 36 samples A/D converter 34 at a certain rate. From 
these samples, character recognition circuit 36 determines if 
signal 26 has a positive slope, has a negative slope, is in 
transition from a positive slope to a negative slope, or is in 
transition from a negative slope to a positive slope. As each 
transition point is located, a vector is created which defines 
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that signal peaks location, magnitude, and direction (either 
positive or negative). Each character includes at least two 
positive and two negative peaks which are converted into 
vectors representing those peaks. These vectors are called 
digitized vectorizations of the waveforms they represent and 
they contain all of the relevant information about that 
waveform. FIG. 6 illustrates one example of the idealized 
vectors which represent the expected signal waveforms 
shown in FIGS. 3I, which corresponds to the number eight. 
These digitized vectorizations of the possible characters are 
stored in memory 40 and serve as the attributes respectively 
unique to the possible characters. These attributes are stored 
in the same four subgroups recited above. The advantage to 
using digitized vectorizations of the waveforms is, as stated 
above, the fact that they can be processed and stored in much 
less time and space compared to prior art approaches, thus 
allowing the use of a simpler, less expensive processor and 
less expensive storage device. 
FIGS. 7A-M are a flow chart illustrating the steps char 

acter recognition circuit 36 follows to identify each of the 
characters as was described above. A more detailed descrip 
tion follows. 

FIG. 7-A shows how the decoding logic is embedded in 
the overall circuitry. The check moving arrangement is 
equipped with two sensors, a head sensor which detects the 
presence of a check under the read head and an edge sensor 
which detects the presence of the stone check against the 
guiding edge of the apparatus housing. FIG. 7-A illustrates 
the logic used to determine the presence and proper align 
ment of a check introduced by the operator into the appa 
ratus. To insure a proper registration of the check during its 
entire travel past the read head, both sensors must be 
checked periodically. For example, as shown on FIG. 7-A, 
both sensors are checked at a period corresponding with the 
full decoding cycle of one character which, in the preferred 
embodiment, amounts to a period varying anywhere 
between 15 milliseconds and 25 milliseconds. 

Directing our attention to FIG. 7-B, the decoding logic 
continuously reads the waveform digital samples from the 
A/D converter 34 and is directed to do so under a conven 
tional hardware interrupt arrangement at a rate of approxi 
mately 8,000 samples per second. This ram is fixed for every 
check reading apparatus but can be adjusted using a simple 
calibration scheme in such a way that the device nominally 
provides 100 samples per character, which corresponds to a 
spatial resolution of 770 samples per inch. The waveform 
digital samples are encoded on 8 bits and saved in a rotating 
buffer of N bytes 108 where N is a power of two. Buffer sizes 
of 32, 64, and 128 are typical recommended values. Rotating 
buffer 108 holds at all times the last Nsamples read from the 
A/D converter. Thus the sampling logic discards the oldest 
sample before writing the latest sample using a classical 
First In First Out (FIFO) strategy. The vectorization logic 
reads the samples from rotating buffer 108 and saves the 
vectors one after the other into a Vectors Buffer 109. Vectors 
are stored in a run-length/level fashion, using 16 bits per 
vector. The first 8 bits encode the length of the vector 
measured in number of elapsed samples. The next 8 bits 
encode the voltage level of the terminal sample value of each 
vector. Due to the inherent compression of the vectorization 
process, Vector Buffer 109 need not be bigger than 1,024 
bytes to conservatively hold the complete vectorized wave 
form of an entire check. It has been empirically verified that 
the vectorization logic taught herein provides a compression 
ratio of approximately 8 on the average, no less than 5 in the 
WOSt Case. 

As stated above the waveform vectorization offers the 
economy of memory. In practical terms, this approach 
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8 
allows the implementation of the decoding logic on board of 
any micro controller offering internal random access (RAM) 
memory of as little as 1024 bytes without requiting the 
addition of external memory chips. Such micro controller 
devices are now readily available. Moreover, since such 
micro controllers customarily incorporate on chip A/D con 
verter(s) and peripherals such as Universal Asynchronous 
Receiver(s)/Transmitter(s) for serial communication control, 
the above decoding logic allows for a one chip solution 
using an off-the-shelf micro controller chip, thereby avoid 
ing the more costly application specific integrated circuit 
design (ASIC) cycle or more costly multiple chip architec 
tures. 

An added advantage of the vector encoding approach 
presented above is that it provides a natural parametrization 
of the waveform so as to allow unequivocal discrimination 
between the E13B character set and a CMC-7 character set. 
The CMC-7 character set represents individual character as 
a set of 7 bars. Each bar's vertical extent is customized so 
that the juxtaposition of the 7 bars provides a humanly 
readable character bit map and at the same time provide; a 
unique space width modulation signature when read by a 
magnetic head. As a result every CMC-7 character has a 
waveform exhibiting 7 dipoles, each dipole being made of a 
positive peak and a negative peak. Therefore, a simple 
accounting of the number of vectors present in the first 
character of any code line allows to immediately discrimi 
nate between both character sets without incurring any 
significant delay penalty. 

Directing attention to FIG. 7-C, the decoding logic con 
tinuously monitors the Vectors Buffer 109 and analyzes each 
vector (also referred herein as an edge) to verify if it holds 
the attributes of an edge leading to the first valid peak of a 
character waveform. FIG. 7-D shows the logic used to 
identify such an edge. Referring back to FIG. 7-C, once a 
leading edge is found, it is stored in a temporary Character 
Record Buffer 111 where all subsequent vectors (edges) of 
the now started specific character waveform will be stored in 
turn. A control variable referred to as test width in module 
113 is then initialized at a value slightly in excess of 80% of 
the current estimate of the character cell size. All edges not 
extending the character waveform beyond a distance test 
width away from the end of the first valid edge of the 
character waveform are then stored in the Character Record 
Buffer 111. The value of test width has been chosen so as 
to guarantee that all edges belonging to the character wave 
form under analysis will be isolated and stored in the 
Character Record Buffer 111. Indeed, as already discussed, 
assuming a constant transport velocity, the widest character 
would not extend beyond 70% of the character cell size, 
starting the measurement from the top of the leading edge as 
indicated above. Therefore, the factor of 0.825 allows for 
worst case transport speed variations of up to t125/0.7= 
+175/10=E17.5%. This provides a conservative margin 
when an inexpensive DC motor is used in an open loop 
arrangement, as is in the preferred embodiment. Indeed, 
typical relative speed variations of such drive mechanism 
and electronics circuitry can be contained below +10%. At 
point 114 on FIG. 7-C, all edges belonging to the character 
waveform under analysis have been isolated and stored in 
the temporary Character Record Buffer 111. The control 
variable test width is then set at a new value corresponding 
to the current estimate of the character cell size. The 
decoding logic then engages in validating the trailing edge 
of the character waveform. FIG. 7-E shows the logic of this 
latter process which ensures that the isolated character 
waveform will be properly bounded to its right by the 
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trailing negative peak and will not unnecessarily extend 
within the ensuing quiet Zone. 
At the entry of logic module 101 the Character Record 

Buffer 109 contains a single isolated character waveform 
that we can now proceed to decode. Now turning attention 
to FIG. 7-G, a few preliminary steps are taken to further 
condition the character waveform. Logic module 115 further 
verifies the validity of the last negative peak. It checks that 
this peak is dominant among all negative peaks of the latter 
half of the character waveform thereby ruling out any peak 
that would have emerged from spurious noise. Module 116 
then eliminates other spurious peaks within the body of the 
character waveform itself. Two fundamental principles are 
used here. First, all peaks of the same polarity are analyzed. 
If two positive (negative) peaks fall within the confines of 
the same Zone, the strongest one is selected if it is substan 
tially dominating, or both peaks are averaged if they are 
sensibly of the same strength. Second, peaks of opposite 
polarity are checked against one another. If two peaks of 
opposite polarity fall within the confines of the same Zone, 
the dominant one (i.e. the one furthest away from the 
baseline) is selected and the other one eliminated. Modules 
115 and 116 increase the immunity of the character vector 
ized waveform and the corresponding validated peaks with 
respect to commonly observed signal noise as generated by 
such imperfections as noisy edges, broken strokes, and 
irregular ink application. The final set of positive (negative) 
peaks are then sorted in decreasing (increasing) order of the 
voltage level measured at their apex in module 118 and 119 
respectively. Then logic module 120 proceeds to associate to 
each peak a normalized weight value proportional to the 
relative strength of the peak among the set of all other 
validated peaks. This provides again independent measure 
allowing for the proper registration and scoring of the 
unknown character waveform with the predetermined ide 
alized template waveform stored in memory. At the exit of 
module 119, the decoding logic has completed the character 
waveform conditioning, normalization, and feature extrac 
tion, and is ready to engage in the decoding per se. 
The decoding logic follows progressive steps to be sum 

marized hereafter. The fast step is implemented in logic 
module 120 where the first two dominant positive peaks and 
the first two dominant negative peaks are used to narrow 
down the set of valid candidates. Logic module 122 then 
refines the selection using the third positive peak, if avail 
able, and the third negative peak, if available. Module 123 
computes a matching score for each of the surviving can 
didates. Module 124 then proceeds to reject all those can 
didates for which the score exceeds a specific value referred 
to as reject score. Module 125 sorts the remaining candi 
dates in increasing order of their score, a smaller score 
indicating a better match. Finally module 126 undertakes the 
final selection and validation. Should module 120 terminate 
with no valid candidate due to the misalignment of either the 
second positive peak or the second negative peak, module 
121 provides an alternative logic requiring better alignment 
of these peaks with their zone centerline before making use 
of them in pairing down the current set of candidates. 

Describing each of these steps in further detail, attention 
is directed to FIG. 7-H. First, module 127 computes the 
variable Z which represents the average number of samples 
in a Zone, alias the Zone width, as a tenth of the current 
estimate of the character cell width. Variable Z is determined 
within one decimal digit after the decimal point so as to 
eliminate round off errors for all practical purposes. Module 
128 then determines the distance between the apex of the 
leading positive peak in the character waveform and the 
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10 
apex of the Wailing negative peak in the same waveform. 
Ideally this distance should equal an exact multiple of the 
variable Z, with a multiplier equal to either 4, 5, 6, or 7. In 
practice, due to transport velocity variations, positioning 
aberrations, and numerical rounding errors, such a relation 
ship will not hold exactly. Therefore, module 129 deter 
mines the two multipliers M(0) and M(1), M(0) and M(1) 
taking one of the values in {4,5,6,7, such that the products 
M(0) * Z, and M(1) * Z. provide the two closest approxima 
tions to the aforementioned leading peak to trailing peak 
distance and referred to in module 128 as span (character). 
The decoding logic then proceeds to two iterations through 
the program loop defined by modules 132 through 139. 
The first iteration uses the multiplier assumption M(0) 

whereas the second iteration uses the multiplier assumption 
M(1). For each iteration, it is assumed that all candidates 
belonging to the corresponding E13B character subgroup 
(these sets were enumerated above) are likely candidates. 
The list of candidates is then paired down by eliminating 
those candidates which do not exhibit a second dominant 
positive/negative peak at the same Zone as the character 
waveform under analysis. Upon completion of the second 
iteration of the aforementioned program loop, all yet valid 
candidates are present in an array of memory locations 
referred to as List of candidates in module 140. Should 
the list be empty, an alternate path through module 121 is 
then taken as indicated by the program flow shown in FIG. 
7-G. FIG.7-I provides the details for logic module 122. It is, 
in essence, very similar to logic module 120 except for the 
further requirement imposed by modules 143 and 146. These 
modules require that the peak be more accurately located 
with respect to the Zone centerline (within a quarter of a Zone 
left or right from the centerline) before the corresponding 
peak be used as a discrimination feature. 

Referring back to FIG. 7-G, at the entry of module 167, 
the leading positive peak and the next dominant positive 
peak as well as the trailing negative peak and the next 
dominant negative peak have been used to pair down the 
number of candidates. As a result, List of candidates 
might comprise anywhere from a single candidate up to 4 
candidates. Should the character waveform exhibit a valid 
third negative peak or a valid third positive peak, further 
selection can occur on the basis of this third peak(s). This is 
done in logic module 122 of which details are provided in 
FIG. 7-J. Thus turning attention to FIG. 7-J, modules 150 
and 151 insure that all candidates that are characterized by 
a number of positive (negative) peaks in excess of the 
number of positive (negative) peaks of the character wave 
form under analysis be eliminated. Then if List of candi 
dates yet contains more than one candidate, the third positive 
peak, if available and valid, and the third negative peak, if 
available and valid, are used to continue the selection. 

Turning now to FIG. 7-K, the purpose of this final logic 
module referred to as module 126 on FIG. 7-G is to further 
select, if necessary, and then validate the final candidate. A 
key objective pursued here is to guard the decoding logic 
from Substitution errors in as much as the character wave 
form represents a substantially distorted waveform of its 
idealized template but yet does not substantially resemble 
the idealized waveform of any one of the other 13 idealized 
templates. 
An explanation of the derivation of the matching score 

performed by module 123 shown on FIG. 7-G is now in 
order. Both the idealized (template) character waveform of 
the relevant candidate as shown in FIG. 3-A through FIG. 
3-N and the measured character waveform are further mod 
eled as a bar chart as illustrated in FIG. 7-L. Each bar is 
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assigned a width of Z, as defined by module 127 on FIG.7-H 
and a height corresponding to the normalized weight of the 
corresponding peak. The bar representing the first positive 
peak and the bar representing the last negative peak are then 
brought into exact correspondence between the measured 
and template waveforms by normalizing the X-axis. The 
score is then computed as 100% minus the percentage of 
total area represented by the intersection between both bar 
charts. As a result, a small score represents a good match, a 
high score a bad match. FIG. 7-M further provides an 
example of the scoring process in numerical form. 
Taming back to FIG. 7-K, three arrays of scores are 

referenced, the one dimensional army accept score (...) used 
in logic module 158, the one dimensional array reject score 
(..) used in logic module 124, FIG. 7-G, and finally the two 
dimensional array delta scores ()(...) used in logic module 
159. The accept score (...) array is to be understood as 
follows. If the character waveform under analysis obtains a 
score S against the template waveform q such that 
S<accept score(q), then it is certain in probability that the 
character waveform represents character q. In probabilistic 
terms, accept score(q) represents the infimum of the set 
score(w(p)), p=q, where w(p) represents any measured 
waveform of character p. The reject score (...) carries the 
complementary meaning. If the character waveform under 
analysis obtains a score S against the template waveform q 
such that S>reject score (q), then it is certain in probability 
that the character waveform does NOT represent character q. 
In probabilistic terms, reject score (q) represents the supre 
mum of the set score(w(q)), where w(q) represents any 
measured waveform of character q. Finally the delta 
scores (. . .) array is to be understood as follows. If the 
character waveform under analysis obtains a score Sq 
against idealized template q and a score Sp against idealized 
template p, if moreover q and p are two candidates for the 
character waveform under analysis, and finally if SqCSp+ 
delta Score (q, p), then it is certain that the character 
waveform does NOT represent characterp. For the presently 
preferred embodiment of the present invention, these arrays 
were estimated using a set of 140,000 waveforms, about 
10,000 samples for each of the 14 characters in the character 
set, gathered from a set of checks as diversified as possible. 

With these definitions in mind, FIG.7-K is now described. 
If the candidate is unique, the task consists in validating the 
selection as thoroughly as possible. Module logic 158 
checks if the score warrants any further validation. If such 
is the case, that is if accept score (q)<=score<-reject 
score (q), then logic module 161 submits the waveform to a 
validation rule specific to character q. If there are multiple 
candidates, module 159 verifies the contrast between the 
scores of the best two candidates. If the contrastis sufficient, 
we are back to the previous case, considering candidate q as 
unique from now on. Otherwise, logic module 160 submits 
the waveform to a validation rule specifically customized to 
enhance the discrimination of waveform q versus waveform 
p. Unary and binary validation rules test specific peak level 
ratios as well as the existence of the required quiescent zones 
as prescribed by each individual idealized waveform. 
Now turning attention back to reference point 106 on FIG. 

7-A, the character just recognized is appended to the code 
line buffer in logic module 102. Then the character average 
width estimate is updated as the average between the width 
of the character just recognized and the previous character 
average width estimate in module 103 using a conventional 
fast recursive average update. Module 104 measures the 
character signal level as prescribed by ANSI standard X3.2. 
Finally module 105 estimates the velocity jitter which took 
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12 
place between the previous and the current character. At that 
point the decoding logic returns control to the main idle loop 
which reiterates its various tests through modules 165, 166, 
167, and 168 and calls the decoder over again or concludes 
the reading process as the case may be. 
As was mentioned above, the present invention has the 

additional advantage that an apparatus designed in accor 
dance with the present invention can discriminate between 
the E13B character set and the character set referred to as the 
CMC-7 character set. If a CMC-7 character is encountered 
the character recognition circuit automatically switches to 
compare the read character to the stored attributes of the 
CMC-7 character set. Thereafter, the CMC-7 character is 
identified in accordance with the prior art as contrasted with 
the recognition circuitry of the present invention. This prior 
art circuitry is incorporated into character recognition circuit 
36. This gives the present invention the rather unique ability 
to read both character sets without any operator input. 

Although only one embodiment of the present invention 
has been described, it should be understood that the present 
invention may be embodied in many other specific forms 
without departing from the spirit or scope of the invention. 
Particularly, the present invention would apply to other 
character sets which have a predetermined, standardized 
design. Although the present invention has been described as 
being a character recognition device for recognizing char 
acters printed on a bank check, it should be understood that 
the present invention would equally apply to documents 
other than bank checks. Also, the character recognition 
method could be equally applied to an optical character 
recognition system. Furthermore, the above described 
embodiment divides each cell into approximately 100 
sample areas. It should be understood that a wide variety of 
approximate numbers of sample areas may be used depend 
ing on the requirements of the application. Also, the present 
invention subdivides the group of characters into four sub 
groups. Again, a wide variety of numbers of subgroups 
might be contemplated depending on the specific character 
istics of the character set being utilized. 

Therefore, the present examples are to be considered as 
illustrative and not restrictive, and the invention is not to be 
limited to the details given herein, but may be modified 
within the scope of the appended claims. 
What is claimed is: 
1. An apparatus for reading a series of characters which 

are preprinted in a certain way and within a predetermined 
area on a bank check, each of the characters within said 
series of characters may be any character from a specific 
group of characters which are divided within the group into 
at least three subgroups, said apparatus comprising: 

(a) an apparatus housing defining a specific path through 
which said check, oriented in a predetermined way, is 
intended to pass during normal operation of the appa 
ratus, 

(b) means including a read head supported within said 
housing at a fixed read point adjacent said path for 
Sensing each said characters at said read point as said 
check, oriented in said predetermined way, is caused to 
move through said path and for producing an electric 
signal unique to each character; 

(c) an arrangement for automatically moving said check, 
oriented in said predetermined way, through said path 
without the manual assistance of an operator at a speed 
which is intended to be constant but which may vary 
randomly, whereby to produce said electrical sights as 
said characters move past said read point; and 
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(d) character recognition means connected with said read 
head and responsive to said electrical signals for iden 
tifying maid characters without monitoring the precise 
Speed of said check as it moves through said path, even 
when said check moves through said path at a random 
Varying speed, so long as the variation in speed of the 
check stays within certain tolerances, said character 
recognition means including 

means for storing certain attributes respectively unique to 
the various characters making up said specific group 
and 

means for identifying any one of said characters within 
said series by 
(i) first identifying the only two subgroups within 

which that one character most likely resides, thereby 
eliminating from consideration the other subgroup or 
Subgroups making up the specific group, and 

(ii) thereafter comparing the one character's unique 
electrical signal to the stored attributes of those 
characters within the two identified subgroups only 
without comparing the one character's unique elec 
trical signal to the stored attributes of those charac 
ters within the other subgroups. 

2. An apparatus according to claim 1 wherein the prede 
termined area on said check within which said series of 
characters are preprinted is divided into a set of adjacent 
cells, one for each character, wherein each cell is divided 
into a plurality of equal Zones, wherein the characters 
common to each of said subgroups of characters physically 
take up the same number of zones within a cell, which 
number differs for each subgroup, and wherein said means 
for identifying any one of said characters includes means for 
approximating the number of cell Zones the one character 
takes up within its particular cell in order to identify the only 
two subgroups within which that one character most likely 
resides, 

3. An apparatus according to claim 2 wherein said specific 
group of characters are divided into four subgroups, wherein 
each of said cells is divided into ten zones, wherein each of 
the characters within the fast subgroup occupies the last four 
Zones within its cell, wherein each of the characters within 
the second subgroup occupies the last five zones within its 
cell, wherein each of the characters within the third sub 
group occupies the last six cell Zones within its cell, wherein 
each of the characters within the fourth subgroup occupies 
the last seven Zones within its cell and wherein said means 
for approximating the number of cell Zones the one character 
takes up within its particular cell in order to identify the only 
two subgroups within which that one character most likely 
resides includes means for measuring at least approximately 
the occupied Zones within the cell or the length of said one 
character. 

4. An apparatus according to claim 3 wherein said char 
acters are magnetic characters including the numbers 0 
through 9 and special characters referred to as AMOUNT, 
ON-US, TRANSIT, and DASH. 

5. An apparatus according to claim 4 wherein said four 
Subgroups of characters include a first subgroup containing 
the characters 1 and 2, a second subgroup containing the 
characters 3, 5 and 7, a third subgroup containing the 
characters 4, 6 and 9, and a fourth subgroup containing the 
characters 0, 8, AMOUNT, ON-US, TRANSIT, and DASH. 

6. An apparatus according to claim 1 wherein the elec 
trical signal unique to each character is an analog waveform 
and wherein said means for storing certain attributes respec 
tively unique to the various characters making up said 
specific group includes means for storing a digitized vec 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
torization of the analog waveform of each character, said 
waveform including a plurality of waveform peaks, said 
digitized vectorization including a plurality of vectors rep 
resenting the location, magnitude, and direction of at least 
some of said waveform peaks, and each digitized vectoriza 
tion serving as the unique attribute for its associated char 
aCter. 

7. An apparatus according to claim 6 wherein said means 
for identifying said one character within said series includes 
means for converting the analog waveform of said one 
character to a digitized vectorization of that waveform and 
comparing this latter digitized vectorization to the stored 
attributes of those characters within the two identified sub 
groups. 

8. An apparatus fix reading a series of characters which 
are preprinted in a certain way and within a predetermined 
area on a bank check, each of said characters being any 
character selected from a specific group of characters which 
are divided within the group into at least three subgroups, 
said apparatus comprising: 

(a) an apparatus housing which defines a specific path 
through which said check, oriented in a predetermined 
way, is intended to pass during normal operation of the 
apparatus; 

(b) means including a read head supported within said 
housing at a fixed read point adjacent said path for 
sensing each of said characters at said read point as said 
check, oriented in said predetermined way, is caused to 
move through said path and for producing an electric 
signal unique to each character; 

(c) an arrangement for automatically moving said check, 
oriented in said predetermined way, through said path 
at a speed which is intended to be constant but which 
may vary randomly, whereby to produce said electrical 
signals as said characters move past said read point, 
and 

(d) character recognition means connected with said read 
head and responsive to said electrical signals for iden 
tifying said characters without monitoring the precise 
speed of said check as it moves through said path, even 
when said check moves through said path at a random 
varying speed, so long as the variation in speed of the 
check stays within certain tolerances, said character 
recognition means including 
(i) means for storing certain attributes respectively 

unique to the various characters making up said 
specific group and 

(ii) means for identifying any one of said characters 
within said series by first identifying the only two 
subgroups within which that one character most 
likely resides, thereby eliminating from consider 
ation the other subgroup or subgroups making up the 
specific group, and thereafter comparing the one 
character's unique electrical signal to the stored 
attributes of those characters within the two identi 
fied subgroups only without comparing the one char 
acter's unique electrical signal to the stored attributes 
of those characters within the other subgroups. 

9. An apparatus according to claim 8 wherein the prede 
termined area on said check within which said series of 
characters are preprinted is divided into a set of adjacent 
cells, one for each character, wherein each cell is divided 
into a plurality of equal zones, wherein the characters 
common to each of said subgroups of characters physically 
take up the same number of Zones within a cell, which 
number differs for each subgroup, and wherein said means 
for identifying any one of said characters includes means for 
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approximating the number of cell Zones the one character 
takes up within its particular cell in order to identify the only 
two subgroups within which that one character most likely 
resides. 

10. An apparatus according to claim 9 wherein said 
specific group of characters are divided into four Subgroups, 
wherein each of said cells is divided into ten Zones, wherein 
each of the characters within the first subgroup occupies the 
last four zones within its cell, wherein each of the characters 
within the second subgroup occupies the last five Zones 
within its cell, wherein each of the characters within the 
third subgroup occupies the last six cell Zones within its cell, 
wherein each of the characters within the fourth subgroup 
occupies the last seven Zones within its cell and wherein said 
means for approximating the number of cell Zones the one 
character takes up within its particular cell in order to 
identify the only two subgroups within which that one 
character most likely resides includes means for measuring 
at least approximately the occupied Zones within the cell or 
the length of said one character. 

11. An apparatus according to claim 10 wherein said 
characters are magnetic characters including the numbers 0 
through 9 and special characters referred to as AMOUNT, 
ON-US, TRANSIT, and DASH. 

12. An apparatus according to claim 11 wherein said four 
subgroups of characters include a first subgroup containing 
the characters 1 and 2, a second subgroup containing the 
characters 3, 5 and 7, a third subgroup containing the 
characters 4, 6 and 9, and a fourth subgroup containing the 
characters 0, 8, AMOUNT, ON-US, TRANSIT, and DASH. 

13. An apparatus according to claim 9 wherein the elec 
trical signal unique to each character is an analog waveform 
and wherein said means for storing certain attributes respec 
tively unique to the various characters making up said 
specific group includes means for storing a digitized vec 
torization of the analog waveform of each character, said 
waveform including a plurality of waveform peaks, said 
digitized vectorization including a plurality of vectors rep 
resenting the location, magnitude, and direction of at least 
some of said waveform peaks, and each digitized vectoriza 
tion serving as the unique attribute fix its associated char 
aCter, 

14. An apparatus according to claim 13 wherein said 
means for identifying said one character within said series 
includes means for converting the analog waveform of said 
one character to a digitized vectorization of that waveform 
and comparing this latter digitized vectorization to the stored 
attributes of those characters within the two identified sub 
groups. 

15. An apparatus for reading a series of characters which 
are preprinted in a certain way and within a predetermined 
area on a particular document, each of said characters being 
any character selected from a specific group of characters 
which are divided within the group into at least three 
subgroups, said apparatus comprising: 

(a) an apparatus housing which defines a specific path 
through which said document, oriented in a predeter 
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mined way, is intended to pass during normal operation 
of the apparatus; 

(b) means including a read head supported within said 
housing at a fixed read point adjacent said path for 
sensing each of said characters at said read point as said 
document, oriented in said predetermined way, is 
caused to move through said path and for producing an 
electric signal unique to each character, 

(c) an arrangement for automatically moving said check, 
oriented in said predetermined way, through said path 
at a speed which is intended to be constant but which 
may vary randomly, whereby to produce said electrical 
signals as said characters move past said read point, 
and 

(d) character recognition means connected with said read 
head and responsive to said electrical signals for iden 
tifying said characters without monitoring the precise 
speed of said document as it moves through said path, 
even when said document moves through said path at 
a random varying speed, so long as the variation in 
speed of the document stays within certain tolerances, 
said character recognition memos including 
(i) means for storing certain attributes respectively 

unique to the various characters making up said 
specific group and 

(ii) means for identifying any one of said characters 
within said series by first identifying the only two 
subgroups within which that one character most 
likely resides, thereby eliminating from consider 
ation the other subgroup or subgroups making up the 
specific group, and thereafter comparing the one 
character's unique electrical signal to the stored 
attributes of those characters within the two identi 
fied subgroups only without comparing the one char 
acter's unique electrical signal to the stored attributes 
of those characters within the other subgroups. 

16. An apparatus according to claim 15 wherein said 
document is either a United States Bank check or a bank 
check from a particular foreign country, wherein said series 
of characters are provided in accordance with a specific U.S. 
standard in the case of the United States bank checks and a 
different, foreign standard in the case of bank checks from 
a particular foreign country, wherein said character recog 
nition means identifies only U.S. characaters, and wherein 
said apparatus further includes means for automatically 
distinguishing between U.S standard characters and foreign 
standard characters and separate character recognition 
means for identifying foreign standard characters when the 
latter are detected by said read head. 

17. An apparatus according to claim 1 wherein said 
certain tolerances are at most +10%. 

18. An apparatus according to claim 15 wherein said 
certain tolerances are at most tl0%. 


